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(54) Tyre pressure monitoring system 

(57) Remote energy transmitting circuits 
30,35,36.37 sequentially transmit a first RF signal wtien 
activated by the controller 60. A remote unit 14 in the 
tyre receives the first RF agnal, and vtrhen the pressure 
in the tyre is greater than a predetermined pressure, the 
remote unit 14 transmits a second RF signal. Via the 
remote receiver 20. the controller 60 determines 
whether the second RF signal is received within a pre- 
detern^ned time after transmitting the first RF signal. 
When the second RF signal is not received within the 
predetermined time, the controller 60 assumes a pres- 
sure detection failure and causes a display to indicate 
this condition. 
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This invention relates to a tyre pressure monitoring 
system and to an apparatus for a driver of a motor vehi- 
cle to remotely monitor the fluid pressure of tyres on the 
motor vehicle. 

Background of the Invention 

A traditional measurement that is necessary for 
safe operation of a motor vehicle is tyre pressure. With 
the use of electronics it is possible to measure the pres- 
sure of each tyre and provide continuous monitoring of 
the pressure to a driver of the vehicle. 

Such a system generally includes a controller 
mounted on the motor vehicle and remote circuitry 
located in each tyre for detecting the tyre pressure, and 
trsmsmitting the detected tyre pressure to the controller. 
TTie controller receives the detected tyre pressure and 
presents it to the driver 

As wfll be appreciated, providing power for. and 
communicating with, the remote circuitry in each tyre of 
the vehicle can present considerable difficulty. 

A l<nown method of accomplishing this Is to have a 
battery located in each tyre to provide power for the 
remote circuitry, and to have a radio transmitter for 
transmitting the detected tyre pressure using a radio fre- 
quency signal. This method was developed by Epic 
Technologies and disclosed on page 59 of an article in 
Engineering News pubTished on October 9. 1995. How- 
ever, with this method replacement of the batteries is 
inconvenient and in addition because of the high tem- 
perature and humidity in which the tsattery has to oper- 
ate, the efficiency of the l^attery is adversely affected. 

Another known method is to have a transponder 
mounted in each tyre. An on-t>oaid antenna mourrted on 
the vehicle body, dose to each tyre, radiates a radio fre- 
quency (RF) signal which provides sufficient power to 
the transpondQ- for it to transmit an encoded signal. The 
encoded signal is received by an on-board controller 
cind decoded. The decoded information identifies which 
tyre on the vehicle transmitted the decoded signal, and 
indicates the detected tyre pressure in that tyre. JHs 
method is disclosed in US patent no. 5235850 assigned 
to Texas Instruments Inc. 

While this method overcomes the disadvantages of 
using a battery, a disadvantage of this method is that 
the transponder requires complex circuitry to encode 
identification information and tyre pressure data prior to 
transmission of the encoded signal. Consequently, due 
to the complexity of the circuitry required in each tyre 
tftis method is expensive to implement. 

In addition, d^endent on the strength of the RF 
signal transmitted by the on-board antenna and the dis- 
tance between the on-board antenna and the trans- 
ponder in a tyre, the power provided to the transponder 



TO 



IS 



20 



25 



30 



35 



40 



will vary. Consequently, the strength of the signal trans- 
mitted t>y the transponder can also vary, which can 
affect the reliability of the operation of the transponder. 

When the vehicle is in motion, the rotating trans- 
ponder in the tyre can come within range of the orv 
board antenna for sufficient periods to have reliable 
transponder operation. However, when the vehicle is 
stationary, dependent on the stationary position of the 
transponder in the tyre, the variations in signal strength 
could cause unreliable transponder operation. This in 
turn leads to unreliable tyre pressure detection. 

Brief Sunrvnary of the Invention 

The present invention therefore seeks to provide a 
tyre pressure monitoring system that overcomes, or at 
least reduces the above-mentioned problems of the 
prior art 

Accordingly, in one aspect the invention provides a 



According to a second aspect, the invention pro- 
vides 

Brief Description of the Drawvings 

The invention will now be more fully descried, 
way of 
which: 



by 

example, with reference to the drawings, of 



FIG. 1 schematically shows a tyre pressure moni- 
toring system according to one entediment of the 
invention mounted in a vehicle; 
FIG. 2 schematically shows the block/bircuit dia- 
gram of the tyre pressure monitoring system in one 
tyre of the vehicle in FIG. 1 : 
FIG. 3 shows a detailed circuit diagram of a part of 
the system of FIG. 2: 

FIG. 4 shows the relative positions of the antennae 
in one tyre and the euitenna mounted on the vehicle 
body:arvf 

FIG. 5 shows a flowchart detailing the operation of 
a portion of the tyre pressure monitoring system in 
FIG. 1. 



45 Detailed Description of the Drawings 

FIG. 1 illustrates a controller 60 mounted on the car 
t>ody (1 0) having outputs 75-78, each coupled to remote 
energy transmitting circuits 30. 35. 36 and 37 respec- 

50 tively. The remote energy transmitting circuits 30, 35. 36 
and 37 are each mounted on the vehicle 1 0 at the loca- 
tion of each tyre 16-19 of the vehicle. The controller 60 
also has inputs 70-73, each coupled to remote receivers 
20.25,26 and 27. respectively. The remote receivers 

55 20,25,26 and 27 are each mounted on the vehicle 10 at 
the location of each tyre 16-1 9 of the vehicle. 

Mounted in each tyre 1 6, 1 7. 1 8 and 1 9 of the vehi- 
cle 10 is a remote unit 11. 12. 13 and 14. Each of the 
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remote energy transmitting circuits 30, 35, 36 and 37 is 
assoctated wrth one of the remote units 11, 12. 13 and 
14 re^ectively, and each of the remote recovers 
20.25.26 and 27 is associated with one of the remote 
energy transmitting circuits 30, 35, 36 and 37 resp«;- 
tively. 

Consequently, when Installing the tyre pressure 
monitoring system on the veNde 1 0. it is inportant that 
designated inputs and outputs of the controller 60 are 
coupled to the pair of remote energy transmitting cir- 
cuits 30, 35, 36 and 37. and associated remote receiver 
20,25,26 and 27 at each tyre location. 

For example, an output art6 input of the controller 
60 may be designate] for coupling to a pair of remote 
transmitting circuit and associated remote receiver, 
where both the remote transmitting circuit and the asso- 
ciated remote receiver are mounted at the front-left tyre 
location. This predeternrtined designation is enables the 
controller 60 to correctly identify the front-left tyre of the 
vehicle is being monitored, and thus, er^e the control- 
ler 60 to provide an indication to a driver of the vehicle 
that a pressure detection fauH has been detected at the 
front-left tyre when the tyre pressure monitoring system 
detects a fault in that tyre. 

TTie energy transmitting circuits 30,35,36 and 37 
and the remote receivers 20.25,26 and 27 are coupled 
to the controller 60 by cabling or wires, however, any 
means of coupling data and/or power may also be 
employed. 

FIG. 2 shows the energy transmitting circuit 30. the 
rentote unit 1 1 . the remote receiver 20. and the control- 
ler 60, operationally couple, and mounted on the vehi- 
cle 10 to monitor the pressure of tyre 16. The energy 
transmitting circuit 30 includes a radio frequency (RF) 
oscillator 31 having an input coupled to receive an acti- 
vate signal from an output 75 of the controller 60. The 
oscillator 31 has an output coupled to an antenna 32. 
The antenna 32 receives the first RF signal from ttie 
oscillator 31 and transmits the first RF signal. The RF 
antenna 32 is shaped and mounted relative to the tyre 
16, to optimise the transmission of the first RF signal in 
the direction of the remote unit 11 in the tyre 16. The 
energy transmitting circuit 30 continues to transmit the 
first RF signal until the activate signal is terntinated by 
the controller 60. 

The remote receiver 20 includes an antenna 21 
which is also coupled to an LC tune circuit 22. The 
antenna 21 receives a second RF signal and provides 
tiie second RF signal to the LC tune circuit 22. The LC 
tune circuit 22 primarily couples the second RF signal to 
an RF amplifier 23 and effectively attenuates all other 
RF signals. The RF amplifier 23 amplifies tiie second 
RF signal and provides tiie amplified second RF signal 
to a demodulator 24. In response to receiving the sec- 
ond RF signal from the RF anplifier 23, the denrK)dula- 
tor 24 provides an output signal to an input 70 of tiie 
controller 60. The output signal provides and indication 
to tiie controlier 60 tiiat ttie second RF signal has been 



received. 

The confroller 60 is mounted on t>oard the vehicle 
10 and includes a memory 63 for storing data and an 
executable program, and outputs 75-78, each output 

5 bang couple to the input of a remote energy transmit- 
ting drcuft 30.35,36.37 respectively. At any time the 
controOer 60 sequentially provides an activate signal 
from one of the outputs 75-78 to tiie respective one of 
the energy transmitting circuits 30,35,36,37. 

70 The controller 60 also Includes an equal number of 
inputs 70-73 as there are output Each of the inputs 70- 
73 is associated with one of the outputs 75-78, and is 
coupled to receive an output signal from one of the of 
remote receivers 20,25,26.27. 

IS In addition, the controller 60 includes a processor 
62. a memory 63. and a display 64. The display 64 has 
an input coupled to receive data from the processor 62. 
and displays the received data. The display 64 provides 
an indication as to the status of the tyre pressure of the 

20 tyres on the vehicle 1 0 to the driver. The processor 62 is 
also coupled to the memory 63, tiie outputs 75-78. and 
the inputs 70-73 

The processor 62 executes a program stor^ in the 
memory 63 wNch sequentially causes one of the out- 

25 puts 75-78 to provide tiie activate signal. The processor 
62, then monitors the associated input 70-73 for receipt 
of the output signal. When after a predetermined time 
from providing the activate signal the output signal is not 
received by the processor 62, the processor 62 provides 

30 data to the di^lay 64 to indicate that there is a fault with 
the pressure detection of at least one of the plurality of 
tyres of the vehicle 1 0. However, when the time between 
providing the activate signal and receiving the output 
signal is less than the predetermined time, the proces- 

35 sor 62 does not provide any indication to the driver of 
the vehicle 10. 

The remote unit 1 1 is secured to the rim on which 
the tyre 16 is mounted and includes energy receiving 
drcu'its (50.55,59) and an antenna 91. coupled to a 

40 remote unit controller 90. The energy receiving circuits 
(50.55,59) are mounted along an annular path witiiin 
the tyre 16. Each of the energy receiving circuits 
(50,55,59) includes an antenna 50 for receiving the first 
RF signal. The antenna 50 is coifl3led to provide the first 

45 RF signal to a converter 59, such as a bridge rectifier. 
The converter 59 converts the first RF signal to a direct 
current voltage (VDC) . and provides tiie VDC from an 
output 

The antenna 32 of tiie energy transmitting drcuit 30 
50 and the antennae 50 of the remote unit 1 1 serves to pro- 
vide pow^ to the remote unit 11 in the tyre 1 6. This is 
accomplished by the energy transmitting circuit 30 
tfiuismitting tiie first RF signal, the remote unit 11 
receiving the first RF signal and rectifying the first RF 
55 signal to produce the VDC. The VDC forms the power 
supply to the remote unit controller 90 within the tyre 1 6. 

The energy receiving circuits (50,55,59) are located 
around the rim of the tyre 1 6 to ensure that whatever the 
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position of the energy receiving circuits (50,55,59) rela- 
tive to the eneipy transmitting circuit 30, there will 
always be sufficient power received by the energy 
receiving circuits (50,55.59) to ensure reliable operation 
of the remote unit controDer 90. 

The energy receiving circuits (50.55.59) are located 
in the tyre 1 6 such that at least one of the energy receiv- 
ing circuits (50,55,59) win advantageously rec^e the 
first RF signal and provide sufficient power to the 
remote unit controller 30 to ensure reliable operation of 
the remote unit controller 90 when the vehicle 1 0 is sta- 
tionary. 

In addition, the energy receiving circuits (50.55.59) 
each have an output mark^ <S> in the drawings, cou- 
pled to an input of the remote unit 11. This coupfing pro- 
vides the first RF signal to the remote urvt controller 90. 
The renrote controller 90 uses the first RF signal as a 
clock signal to ensure proper operation of the internal 
circuitry of the remote unit controller 90, advanta- 
geously avoiding the need for a separate clock circuit in 
the tyre, and the additional need to provide power to the 
separate dock circuit 

FIG. 3 shows the remote unit controller 90 which 
includes a power regulator 105. a hysteresis ctrcut 107. 
a pressure sensor circuit 11 2, a comparator circuit 114. 
an OR gate 108. a RF transmission circuit 109 and a 
logic circuit 111. 

The power regulator 105 is coupled to receive the 
VDC from the outputs of the energy receiving circuits 
(50,55,59), having an input to receive a power enable 
signal and output to provide a regulated voltage when 
the power enatde signal is received. 

The hysteresis circuit 107 has an input coupled to 
receive the VDC from the outputs of the energy receiv- 
ing circuits (50,55.59). The hysteresis circuit 107 also 
has an output for providing a hysteresis high output sig- 
nal when the VDC is greater than a predetermined high 
voltage, and provides a hysteresis low output signal 
from the output when the VDC is less than a predeter- 
mined low voltage. 

The pressure sensor circuit 112 has an input cou- 
ple to receive the regulated voltage from the output of 
the power regulator 105. The pressure circuit includes a 
pressure sensor for detecting the pressure in the tyre, 
and generates a pressure signal indicative of the 
detected pressure, in adcfition, the pressure sensor cir- 
cuit 112 has an output for provcGng the pressure signal. 

The pressure sensor circuit 112 requires a regu- 
lated power supply and draws a relatively high current 
when operating to provide reliatde pressure detection. 
In order to ensure reliable pressure detection artd con- 
serve power, the switchatile power regulator 105 is 
turned ON only when pressure detectic^ is r^uired. 

The comparator circuit 1 1 4 is coupled to receive the 
regulated voltage from the power regulator 1 05, and the 
pressure signal from the pressure sensor circuit 112. 
The comparator 114 compares the pressure signal with 
a predetermined pressure signal, and provides a pres- 
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sure high output signal from an output when the pres- 
sure signal is greater than the predeternuned i^ressure 
signal. The conparator also provides a pressure low 
output signal from the output when the pressure signal 
is less than the predetermine pressure signal. 

The OR gate 1 08 has a numt>er of inputs, each cou- 
pled to the output of one of the of energy receiving or- 
cuits (50,55,59) to receive the first RF signal from the 
energy receiving circuits (50,55,59). and to provide the 
received first RF signal from an output 

The RF transmission circuit 109 Is coupled to 
receive a second RF signal and a transmit enable signal 
from the logic circuit 111. The RF transmission circuit 
109 is coupled to an antenna 91 , and provkles the sec- 
ond RF signal to the antenna upon receipt of the trans- 
mit enable signal. The antenna 91 transmits the second 
RF signal for as long as the transmit enable signal is 
provided to the RF transnnission circuit 109. 

The logic circuit 1 1 1 is coupled to receive the volt- 
age from the outputs of the energy receiving circuits 
(50.55.59), coupled to receive the first RF signal from 
the output of the OR gate 1 08, coupled to the outputs of 
the hyst^esis circuit 107 and the comparator circuit 
114, coupled to provide the power enable signal to the 
power regulator 105, coupled to provide the second RF 
signal and the transmit enaUe signal to the RF trans- 
mission circuit 109. 

The logic circuit 1 1 1 provides the power enable sig- 
nal to the power regulator 1 05 in response to receiving 
the hysteresis high output signal from the hysteresis cir- 
cuit 107. The togic circuit 111 also provides the transmit 
enable signal to the RF transmission circuit 109 in 
response to receiving the pressure high output signal 
from the comparator circuit 114. 

A Zener diode 101 is coupled to the VDC supply to 
protect the circuitry in the remote unit controller 90 from 
over voltage. A capacitor 103 is coupled to the VDC 
supply to provide storage and filtering of the VDC sup- 
ply 

FIG. 4 shows the relative arrangement and orienta- 
tion of the energy transmitting circuit 30 including the 
antenna 32 and the oscillator 31 . The energy receiving 
circuits including the antenrae 50 are also included. 

FIG. 5 shows the operation of the remote unit con- 
troller 90 in a flowchart Few the sake of and example 
energy transmitting circuit 30. the remote unit 1 1 and 
the remote receiver 20 associated with the tyre 16 on 
the vehtele 10 will be descrbed. However, it is under- 
stood that the steps described win a^\y equally to the 
other tyres 17,18,19 of the vehicle 10. 

In st^ 205 the car engine is started and the proc- 
essor 62 saiuentially activates one of the energy trans- 
mitting circuits 30,35,36 and 37 through outputs 75-78. 
When the processor provides the activate signal to the 
energy transmitting circuit 30, the energy transmitting 
drcutt 30 generates the RF signal of 125 kilohertz 
(Khz). The antenna 32 of the energy transmitting circuit 
30 perform a function similar to a primary coil of a trans- 
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former. 

When the first RF signal is received by one or more 
of the energy receiving circuits (50,55.59), the antennae 
of the energy receiving ctrcints 50 pertorm a function 
similar to secondary coiis of the transformer. 

The capacitor 55 which forms an LC tune circuit can 
be tuned to ensure that the first RF signal is induced in 
the antennae 50 of the energy receiving circuit 30. The 
first RF signal induced in the antennae 50 is then recti- 
fied by the full bridge rectifiers 59 to produce the VDC. 
and the VDC is provided to the remote unit controller 90. 

In the remote unit controller 90. the VDC charges 
the capacitor 103 and provides power supply to other 
circuitry, such as. the OR gate 1 08, the RF transnvssion 
circuit 109. the hysteresis switch 107. the regulator 105. 
and the logic circuit (1 1 1). 

The VDC wiO fluctuate depending on the strength of 
the first RF signal induced on the antennae 50 of the 
energy rec^ving circuits (50.55,59). When the VDC 
rises to a value greater than a predetermined power-on- 
reset level of the logic circuit 1 11 . the logic circuit 1 1 will 
reset 210 itself. The power-on-reset*levei is a well 
known feature of logic circuits tirat ensures that when 
power is applied to a logic circiflt the logic circuit is 
reset. Typically, power-on-reset level are set at approxi- 
mately 1 .5 to 2 volts. 

The hysteresis circuit 107 continuously monitors 
the VDC. Wh^ hysteresis circuit 107 determines 215 
that the VDC is greater than the predetermined high 
voltage, the hysteresis circuit 107 provides Ihe hystere- 
sis high output voltage to the logic circuit 111. However, 
when the hysteresis circuit 1 07 determines 21 5 that the 
VDC is not greater than the predetermined high voltage, 
the hysteresis high output voltage is not provided. 

In response to receiving the hysteresis high output 
voltage, the logic circuit 111 provides the power enable 
signal to the power regulator 105 which switches 220 
the power regulator 105 ON. The regulated voltage from 
the power regulator causes the pressure sensor circuit 
112 and the conparator 1 14 to operate. The pressure 
sensor drcuit 112 provides the pressure signal to the 
comparator 114. The comparator 114 compares the 
pressure signal with a predeterrruned pressure signal. 
The predetermined pressure ^gnal is indicative of the 
desired pressure for the tyre 16 of the vehicle 10. The 
comparator 114 provides either the pressure high out- 
put signal or the pressure low output signal 1o the logic 
dradt 111. The logic circuit latches the signal received 
from the comparator while the power regulator 105 is 
tumed ON. This ensures that only signals produced 
from the output of the comparator 114 when reliaUe 
pressure detection can occur, is latctied by the logic cir- 
cuit 111. 

The logic circuit 1 1 1 In response to receiving the 
power enable signal keeps the power regulator 105 
tumed ON for a predeterrrnned time 225. after whrich the 
logic circuit 107 terminates the power enat^e sigral 
which switches 230 the power regulator 105 OFF. Alter- 
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natively, during the time when the power regulator 105 
is turned ON. the logic circuit 111 monitors the output of 
the hiysteresis circuit 107. If the togic circuit 111 deter- 
mines 235 that the hysteresis low output signal is pro- 
vided by the hysteresis circuit 107. indicating that the 
VDC has fallen to a value bebw the predetermined low 
voltage, the logic circuit 1 1 1 terminates the power ena- 
ble signal which switches 230 the power regulator OFF 
The logic circuit 111 tracks the time using a counter 
which is clocked by the first RF signal provided to the 
logic circuit via the OR gate 108. Hence, when the coun- 
ter counts to a predetermined value the predeterntined 
time has lapsed. The predetermined time the power 
regulator 105 is switched ON is 200 milliseconds, and is 
determined by the following equation: 



T = C*V/I 



where. 

C: 
V: 



capacitor 103 is 220 microfarad, 
voltage difference between the predetermined 
high voltage and predetermined low voltage for 
the operation of the hysteresis drcuit 107 is 1 
volt 

current consumption of the pressure sensor dr- 
cuit 112 and the comparator 114 is a maximum 
of 1 milliamperes. 



At tfvs point of the process, the power regulator 105 
is turned OFF and the comparator 114 has provided 
either a pressure high output signal or the pressure low 
output signal to the logic drcuit 111. When the power 
regulator 105 is switched OFF, the capacitor 103 will 
charge up. 

Next, the logic drcuit 1 1 1 monitors the output of the 
hysteresis drcuit 107 fcr the hysteresis high output sig- 
nal to determine 250 whether the VDC monitored by the 
hysteresis circuit 107 is greater than the predeterrraned 
high voltage. 

When the VDC is k>wer than the predetermined 
high voltage the logic drcuit continues to monitor the 
output of the hysteresis circuit 107. However, when the 
VDC is greata- than the predetern^ned high voltage, the 
logic drcuit 111 resets the counter and provides 255 the 
transmit enable signal to the RF transmission drcuit 109 
for a predetermined transmit time as determined by the 
counts. 

When the pressure high output signal is latched 
from the output of the comparator 1 14 by the logic cir- 
cuit 111, no carrier is provided to the RF transmission 
drcuit 109 from the logic drcuit 111. Hence, no RF sig- 
nal is transrrntted by the RF transmission circuit 109. 

However, when the pressure low output signal is 
latched from the output of the comparator 1 14 by the 
logic drcuit 1 1 1 . a seccaid RF signal and the transmit 
enable signal is provided to the RF transmission circuit 
109 and the second RF signal is transmitted by the 
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antenna 91 coupled to the output of thiT^ transmission 
circuit 109 for a predeterminecl transirut tinne as deter- 
mined by the counter. 

After the predetermined transmit time has elapsed 
260. the logic circut 1 1 1 terminates the transmit enable s 
signal, hereby switching 265 off the RF transmission 
circuit 109. 

The first and second RF signal are amplrtude mod- 
ulated signal. The second RF signal is generated by the 
counter by dividing the first RF signal by an int^er, as to 
can be accomplished using a logic circurt. 

The tyre pressure monitoring system will cyde 
between turning ON the power regulator 105 to perform 
the pressure detection, and tuming ON the RF trans- 
mission circuit to transmit the status of the detected tyre is 
pressure. 

Thus, the tyre pressure monitoring system of the 
preferred en^xxiiment of the invention utilises a control- 
ler coupled to remote energy transmitting circuits and 
remote receivers to activate a remote unit in each tyre 20 
sequentially. As one pair of a remote energy transmit- 
tirtg circuit and a remote receiver is dedicated to each 
tyre, and onty the dedicated pair is activated at any one 
time, the use of complex circuitry in the tyres for identifi- 
cation is advantageously avdded. Consequently, as 2S 
there is no need for complex circuitry the present inven- 
tion provides a simpler and more economical tyre pres- 
sure monitoring system. 

In addition, the use of multiple energy receiving cir- 
cuits in the tyres allows the pressure monitoring system 30 
to operate reliably irrespective of the position of the tyre, 
particularly when a vehicle is stationary. 

Hence, there is provided a tyre pressure monitoring 
system that overcomes or at least alleviates the prob- 
lems of the prior art ss 

Claims 

1- A tyre pressure monitoring system for a vehicle 
having a plurality of tyres, the tyre pressure moni- 40 
toring system comprising: 



a corresponding plurality of remote reefers 
for mounting on the vehicle, each remote 
recover being associated with one of the plu- 
rality of remote energy transmitting units hav- 
ing an antenna for receiving the second RF 
signal, and an output for providing an output 
signal when the second RF signal is received: 
and 

a controller for mounting on the vehicle, for 
coupling to the input of each of the remote 
energy transmitting circuits and for coupling to 
the output of each of the remote receivers, the 
controller being arranged for sequentially trans- 
mitting the activate signal to each of the remote 
energy transmitting circuits, and determining 
whether the output signal is received from each 
of the remote receivers before a predetermined 
time expires, wherein 

when the output signal is not received from one 
of the remote receivers after the predetermined 
time expires, the controller produces a signal 
indicating that there is a fault with the pressure 
detection of at least one of the plurality of tyres. 

A tyre monitoring system according to claim 1 
wherein each remote unit comprises: 

a plurality of energy receiving circuits for 
mounting along an annular path within the tyre, 
each having an antenna for receiving the first 
RF signal, a converter for converting the first 
RF signal to a voltage, and an output for provid- 
ing the voltage; 

a power regulating means coupled to receive 
the voltage from the outputs of the plurality of 
energy receiving circuits, coupled to receive a 
power enable signal and coupled to provide a 
regulated voltage when the power enatile sig- 
nal is received; 



a plurality of remote units each unit toeing for 
mounting within each of the plurality of tyres for 
receiving a first radio frequency (RF) signal , for 4S 
detecting the pressure in the tyre, and for trans- 
wat&ng a second RF signal, different from the 
first RF signal, when the^detected pressure is 
greater than a predetermined pressure; 

so 

a corre^onding plurality of remote energy 
transnratting circuits for mounting on the vehi- 
cle, each remote energy transmitting circuit 
being associated with one of the plurality of 
remote units and having an input for receiving ss 
an activate signal, and an antenna for transmit- 
ting the first RF signal in response to receipt of 
the activate signal; 



a hysteresis drcuit coupled to receive the volt- 
age from the outputs of the plurality of energy 
receiving drcuits, having an output for provid- 
ing a hysteresis high output signal when the 
voltage from the outputs of the plurality of 
energy receiving drcuits Is greater than a pre- 
determined high voltage, and for providing a 
hysteresis low output signal when the voltage 
from the outputs of the plurality of energy 
recaving circuits is less than a predetermined 
low voltage; 

a pressure sensor circuit coupled to receive the 
regulated voltage from the output of the power 
regidating means, having a pressure sensor for 
detecting the pressure and for generating a 
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pressure signal Indicative ofme detected pres- 
sure, arxi an output for providing the pressure 
signal; 
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a plurality of inputs, each input coupled to an 
output of one of the plurality of remote receiv- 
ers to receive the output signal therefrom; 



a comparator circuit coupled to receive the reg- s 
ulated voltage and the pressure signal from the 
pressure sensor circunt. having a comparator 
for comparing the pressure signal with a prede- 
termined pressure signal, and an output for 
providing a pressure high output signal when to 
the pressure signal is greata* than the prede- 
termined pressure signal, and for providing a 
pressure low output signal when the pressure 
signal is less than the predetermined pressure 
signal; is 

a coupling means having a corresponding plu- 
rality of inputs, each input coupled to the output 
of one of the plurality of energy receiving cir- 
cuits for receiving the first RF signal from at 20 
least one of the plurality of energy receiving cir- 
cuits, and having an output for providing the 4. 
received first RF signal; 

an RF transmission circuit coupled to receive 25 
the second RF signal and a transmit enat^e 
signal from the logic circuit and having an 
antenna for transmitting the second RF signal 
upon receipt of the transmit enat)le signal: and 

30 

a logic circuit coupled to receive the voHage 
from the outputs of the plurality of energy 
receiving circuits, coupled to receive the first 
RF signal from the output of the coupling 
means, coupled to the outputs of the hysteresis 3S 
circuit arxl the comparator circuit, coupled to 
provide the power enable signal to the power 
regulating means, coupled to provide the sec- 
ond RF signal arxi a transmit enable signal, 
wherein the logic circuit provides the power 40 
enable signal in response to receiving the hys- 
teresis high output signal from the hysteresis 5. 
circuit, and 

wherein the logic circuit provides the transmit 
enable signal in response to rec«ving the pres- 4S 
sure high output signal from the conparator cir- 
cuit 

A tyre pressure monitoring system according to 
daim 1 wheren the controller comprises: so 



a display having an input coupled to receive 
data and, for displaying the received data; and 

a processor coupled to the memory, the plural- 
ity of outputs, the plurality of inputs, and the 
input of the display, the processor being 
arranged for executing the program in the 
memory to sequentially cause the one of the 
plurality of inputs to provide the activate signal, 
to monitor the plurality of inputs for receipt of 
the output signal, and when the output signal is 
not received after the predetermined time from 
providing the activate signal, providing data to 
the display to indicate that there is a fault with 
the pressure detection of at least one of the 
plurality of tyres. 

A tyre pressure monitoring system according to 
daim 1 wherein each remote receiver conrprises: 

a frequency selective circuit having an irput for 
coupling to the antenna, and an output the fre- 
quency selective circuit being arranged for pri- 
marily coupling the second RF signal from the 
input to the output; 

a RF amplifier coupled to receive the second 
RF signal from the output of the frequency 
selective drcuit and coupled to provide an 
amplified second RF signal; and 

a demodulator coupled to receive the amplified 
second RF agnal from the RF amplifier, 
demodulate the amplified second RF signal to 
produce the output signal, and coupled to pro- 
vide the output signal. 

A tyre pressure monitoring system according to 
daim 1 wherein each remote energy transmitting 
drcuit comprises: 

a RF signal generator coupled to the input for 
receiving the activate signal, for generating the 
first RF signal in response to receiving the acti- 
vate signal, and coupled to the antenna for pro- 
vicfing the first RF signal thereto. 



a memory for storing data and an executable 
program; 

a plural'ity of outputs, each output coupled to 55 
the input of one of the plurality of remote 
energy transmitting circuits for providing the 
activate signal thereto; 



6. A tyre pressure monitoring system according to 
daim 2 wherein the converter comprises a bridge 
rectifier. 

7. A tyre pressure monitoring system according to 
daim 2 wherein the coupling means comprises an 
OR logic gate. 
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